IMPORTANCE A decision to initiate aspirin therapy for primary prevention of cardiovascular disease (CVD) requires consideration of both treatment benefits and harms. The most significant harm associated with aspirin is major bleeding, yet there is a paucity of data on bleeding risk in suitable community populations.
T he decision to initiate treatment for primary prevention of cardiovascular disease (CVD) requires careful consideration of both absolute treatment benefits and harms. 1, 2 The most significant harm associated with aspirin is major bleeding. 2, 3 The magnitude of the CVD benefits and bleeding harms of aspirin depends primarily on baseline absolute rates of these outcomes. 4 Although absolute CVD risk among people in the community can be assessed using a number of risk equations, [5] [6] [7] [8] there is a paucity of data on absolute bleeding risk from community cohorts. 2 The US Preventive Services Task Force (USPSTF) published recommendations supporting the use of low-dose aspirin for primary prevention of CVD and cancer among adults aged 50 to 59 years who have a 10-year CVD risk of at least 10%. 9 Microsimulation model estimated rates of CVD, colorectal cancer, and major bleeding were used to determine the net balance of benefits and harms across individuals with varying baseline CVD risk. 9, 10 Despite a comprehensive review of the relevant literature, 2 the task force was unable to find a suitable published study that directly measured bleeding risk in an untreated cohort for use in the simulation models. However, for the models, they derived estimates of baseline risk of gastrointestinal (GI) bleeding from an Italian cohort study that examined the risk of major bleeding in people who were taking aspirin and propensitymatched controls who were not taking aspirin. 11 They also used estimates of case fatality associated with GI bleeding from a UK cohort study published in 1995 12 in the simulation model. 10 The aim of the current study was to estimate baseline (untreated) bleeding risk and case fatality in a large community cohort without CVD and not receiving antiplatelet therapy specifically to update US and other guidelines on use of aspirin for primary prevention of CVD.
Methods
The STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) 13 and RECORD (Reporting of Studies Conducted Using Observational Routinely-Collected Health Data) 14 statements were used to report the methods and results of this study.
Ethics Approval
The PREDICT study (under which this research was conducted) was approved by the New Zealand Northern Region Ethics Committee Y in 2003 (AKY/03/12/314), with subsequent annual approval by the New Zealand National Multi Region Ethics Committee since 2007 (MEC07/19/EXP). Participant informed consent was not obtained, consistent with a waiver granted by the ethics committee, because the study involved secondary use of patient data that was anonymized prior to being received by the research team.
Study Design, Setting, Entry, and Follow-up
This was a prospective open cohort study. People were entered into the cohort the first time their primary care physician or nurse entered their CVD risk assessment data into PREDICT, a web-based decision support program integrated with electronic primary care practice management systems in New Zealand. 15 The program enables available clinical data in the medical record to auto-populate fields, and the data template has a number of compulsory fields and built-in range and validity checks at the point of data entry. These factors facilitated accurate and nearly complete (>99%) data collection for variables required in the CVD risk equation used in New Zealand at the time, 15 which was based on the Framingham risk equation with adjustments for groups whose CVD risk may be underestimated by that equation (eg, family history of premature CVD; Māori [New Zealand's indigenous population], Pacific, or South Asian ethnicity). 16 Since 2003, New Zealand CVD risk management guidelines have recommended that men aged 45 years or older (10 years later for women; 10 years earlier for subpopulations at increased risk: those of Māori, Pacific, or South Asian ethnicity and individuals with known CVD risk factors) have a regular CVD risk assessment. 15 Whether a person visiting the primary care clinic has his or her CVD risk assessed, and therefore whether he or she enters the cohort, is at the discretion of the primary care clinician. Most primary care physicians receive alerts advising them of individual patient eligibility for CVD risk assessment.
Data Sources and Linkage
Data on cardiovascular risk factors (including age, sex, smoking status, diabetes status, blood pressure, body mass index, and cholesterol levels), history (including CVD, atrial fibrillation, and diabetes with renal disease), and medication use (including aspirin) were obtained during the index CVD risk assessment. During CVD risk assessment, an electronic risk profile is stored both in the practice management system and anonymously on a central database. With the permission of clinicians, this profile is linked to an encrypted National Health Index number, which is used to anonymously link the profile to national and regional databases. Further information on definitions of the risk factors is provided in eTables 1 through 4 in the Supplement. National databases were used to obtain demographic data (age, sex, self-identified ethnicity, and socioeconomic deprivation), 18 
Participants
All people who had had a CVD risk assessment in primary care using the PREDICT program were considered for inclusion in this study. The main cohort for this study (baseline cohort) comprised persons who were not already receiving antiplatelet or anticoagulant therapy and who had no indication for and no absolute contraindication to these medications. In addition, the cohort was restricted to persons younger than 80 years to align with US guidelines for CVD risk assessment. 5 
Exclusion Criteria
Exclusion criteria were any of the following at the time of risk assessment: age younger than 30 years or age 80 years or older; history of CVD, congestive heart failure, atrial fibrillation, chronic kidney disease (estimated glomerular filtration rate <30 mL/min on at least 2 occasions at least 90 days apart), diabetes with renal disease, or intracerebral bleeding; and aspirin, antiplatelet, or anticoagulant medication use according to primary care records or 1 or more dispensing record in the preceding 6 months. Participants who met any of the exclusion criteria during follow-up (including being dispensed aspirin, antiplatelet, or anticoagulant medication) were censored from the study at the earliest date on which they met an exclusion criterion. Further information on definitions of exclusion criteria is provided in eTables 5 and 6 in the Supplement. Two additional cohorts were generated to align with the recommendations of the USPSTF by censoring people with relative contraindications to use of aspirin either because they had conditions known to increase risk of bleeding (non-high-risk cohort) or because they were taking medication known to increase risk of bleeding (nonmedication cohort). Exclusion criteria for the non-high-risk cohort were those for the baseline cohort plus history of peptic ulcer disease, bleeding (GI or other; people with prior intracerebral bleeding had already been excluded), chronic liver disease, pancreatitis, chronic alcoholrelated disease, and thrombocytopenia. Definitions of these conditions are provided in eTable 1 in the Supplement. Exclusion criteria for the nonmedication cohort were those for the non-high-risk cohort plus dispensing in the preceding 6 months of any nonsteroidal anti-inflammatory drugs (people taking aspirin had already been excluded), corticosteroids, or selective serotonin reuptake inhibitors. Medications included within these categories are described in eTable 2 in the Supplement.
Outcomes
The primary outcome in this study was a first major bleeding event after study entry (hospitalization or death associated with bleeding). Hospitalizations associated with bleeding were defined as those in which an International Statistical Classification of Diseases and Related Health Problems code for a bleeding event was assigned as a diagnosis for the admission, either on its own if it was the principal diagnosis (ie, the main reason for the admission) or, if the bleed was not the principal diagnosis, when there was also a blood Potential ICD codes for a major bleeding event were identified by a review of ICD code sets used by other studies to identify bleeding events 22-25 and a review (by V.S.) of all ICD-9-CM-A and ICD-10-AM codes for any additional potentially relevant codes. The final set of ICD-9-CM-A and ICD-10-AM codes for a major bleeding event (eTable 3 in the Supplement) was compiled following a review of all potential ICD codes by V.S. and A.K. Major bleeding events were classified into 3 types: GI, intracerebral, and other. Other types were respiratory (including epistaxis and hemoptysis), ocular (vitreous and retinal), bleeding into a joint, and bleeding into the pericardium or peritoneum. Major bleeding associated with trauma or procedures was excluded. Major bleeding events were classified as nonfatal (hospitalization only; patient still alive 28 days after admission) or fatal (death in which the underlying cause of death was a bleeding event or any death up to 28 days after admission).
Statistical Analyses
Continuous variables were summarized as means with standard deviations and medians with interquartile ranges and categorical data as frequencies with percentages. Ninety-five percent confidence intervals for rates (using person-time as the denominator) were calculated using the Wald interval and for proportions were calculated using the inverted score test. Bleeding risk was plotted over time using Kaplan-Meier analyses by bleeding type, sex, and age group for nonfatal bleeding events. To assess whether the risk of a nonfatal bleeding event was constant, the proportions of at-risk there were fewer than 5 events in a stratum), for each bleeding event type, sex, and age group (all P > .05). Because there was no evidence of a statistically significant difference in the annual risk of a nonfatal bleeding event over a 5-year period, risk of a bleeding event (per 1000 person-years) was calculated by dividing the number of events by person-years of follow-up within each stratum. Survival curves for men and women for each fatal and nonfatal bleeding event type were compared using the log-rank test with statistical significance set at P < .05 (2-sided). Data analysis was performed using R software, version 3.3.1 (https://cran.r-project.org/), which included the "survival" package. In a sensitivity analysis, nonfatal bleeding rates were assessed when patients who initiated antiplatelet or antithrombotic therapy during follow-up were retained rather than excluded because of the potential risk of upward bias in study estimates.
Results

Study Population and Characteristics
There were 359 166, 305 057, and 240 254 people in the baseline, non-high-risk, and nonmedication cohorts, respectively. Approximately 43% to 44% of participants were women; the mean age was between 53 and 54 years; the cohorts were ethnically diverse (12%-13% Māori, 12%-13% Pacific, 8% South Asian, and 10%-11% Chinese/East Asian), and median follow-up was 2.8 years (interquartile range, 1.8-4.8 years for the baseline cohort). Demographics, cardiovascular risk factors, medical history, medication use, and follow-up duration for each of the cohorts are described in Table 1 .
Major Bleeding
The total numbers of people experiencing a first major bleeding event during follow-up were 3976 (1.1%), 2808 (0.9%), and 2090 (0.9%) in the baseline, non-high-risk, and nonmedication cohorts, respectively. Most events were GI bleeding (n = 2910 ) in the baseline, non-high-risk, and nonmedication cohorts, respectively. In the baseline cohort, only 274 (7%) of these events were fatal, and the majority (56%) of fatal events were intracerebral; similar patterns were observed in the non-high-risk and nonmedication cohorts. The number of bleeding events by type and whether they were fatal are shown by age and sex groups for each of the cohorts in Table 2 .
Bleeding Risk
Generally, the risk of a nonfatal bleeding event increased with age for each type of nonfatal bleeding event, but particularly for GI bleeding (Figure) . Although the risk of a nonfatal GI bleeding event was greater among men than women (logrank P < .001), the risk of intracerebral bleeding (P =.14)or other bleeding (P = .05) was not statistically significantly different by sex. There were no statistically significant differences in the risk of a fatal bleeding event by sex (log-rank P =.13 for GI bleeding, P = .31 for intracerebral bleeding, and P =.36 for other fatal bleeding events). There was no statistically significant difference in the annual risk of a nonfatal bleeding event over a 5-year period within each bleeding type, sex, and age group stratum.
In the baseline cohort, the risk of nonfatal GI bleeding among men ranged from 1.4 (95% CI, 1.2-1.7) per 1000 person-years in the youngest age group (30-39 years) to 5.1 (95% CI, 4.3-5.9) per 1000 person-years in the oldest age group (70-79 years) ( Table 3) . For women, nonfatal GI bleeding risk ranged from 1.1 (95% CI, 0.7-1.6) per 1000 personyears among ages 30 to 39 years to 3.5 (95% CI, 3.0-4.1) per 1000 person-years among ages 70 to 79 years. The point estimates for the risk of nonfatal GI bleeding were lower in the non-high-risk cohort and even lower in the nonmedication cohort compared with the baseline cohort within each sex and age group stratum.
In the baseline cohort, among men, the risk of a fatal GI bleeding event per 1000 person-years ranged from 0.01 (95% CI, −0.01 to 0.03) among ages 30 to 39 years to 0.40 (95% CI, 0.17-0.63) among ages 70 to 79 years. Among women, the risk of a fatal GI bleeding event per 1000 person-years ranged from (2006) is constructed from 9 census-derived variables representing 8 dimensions of deprivation. Deciles range from 1 (least deprived) to 10 (most deprived).
d Calculated as weight in kilograms divided by height in meters squared. Data were missing for 23% of the baseline and non-high-risk cohorts and for 24% of the nonmedication cohort.
e Other bleeding included respiratory (including epistaxis and hemoptysis), ocular (vitreous and retinal), bleeding into a joint, and bleeding into the pericardium or peritoneum. b People who did not die within 28 days of a hospital admission associated with a major bleeding event were classified as having had a nonfatal bleeding event.
c People who died within 28 days of a hospital admission associated with a major bleeding event were classified as having had a fatal bleeding event.
d Other bleeding included respiratory (including epistaxis and hemoptysis), ocular (vitreous and retinal), bleeding into a joint, and bleeding into the pericardium or peritoneum. The point estimates for the risk of fatal GI bleeding were predominantly lower in the non-high-risk cohort and the nonmedication cohort compared with the baseline cohort within each sex and age group stratum, but the number of fatal GI bleeding events within each stratum was low.
In the baseline cohort, case fatality associated with GI bleeding ranged from 0.7% (95% CI, 0.1%-4.0%) among ages 30 to 39 years to 7.3% (95% CI, 4.2%-8.1%) among ages 70 to 79 years in men and from 3.7% (95% CI, 0.7%-18.3%) among ages 30 to 39 years to 6.1% (95% CI, 3.3%-10.8%) among ages 70 to 79 years in women ( Table 4 ). The case fatality for intracerebral bleeding was much higher (29.5%; 95% CI, 25.8%-33.6%) than for GI bleeding (3.4%; 95% CI, 2.8%-4.1%) or for other types of bleeding (4.2%; 95% CI, 2.8%-6.2%). Similar patterns were observed in the non-high-risk and nonmedication cohorts. Case fatality for all bleeding events was similar across the 3 cohorts (baseline: 6.9% [95% CI, 5.9%-8.0%]; non-highrisk: 6.1% [95% CI, 5.0%-7.4%]; nonmedication: 6.5% [95% CI,
5.3%-8.1%]).
In analyses retaining persons who initiated medication use during follow-up, nonfatal bleeding event rates were similar to or higher than those in the main analysis across bleeding type, sex, and age group (eFigure in the Supplement).
Discussion
The risk of a nonfatal GI bleeding event and case fatality associated with GI bleeding among people without CVD who were not receiving antiplatelet therapy were both higher in this study compared with estimates derived by the USPSTF for their recommendations on use of aspirin for primary prevention of CVD and colorectal cancer 9,10 ( Table 5) . The difference in nonfatal GI bleeding risk was evident across all age groups in both men and women and was most marked in people aged 40 to 49 years, although it was attenuated after exclusion of people with conditions and those who were taking additional medication that increased the risk of bleeding (nonmedication cohort, in alignment with the recommendations of the USPSTF). The higher case fatality associated with GI bleeding in this study compared with that derived by the USPSTF was evident across all age groups in both men and women and was not attenuated in the nonmedication cohort. If data from this study were used, the net benefit of aspirin for primary prevention would be lower than that estimated by the USPSTF. The magnitude of the reduction in net benefit of aspirin, and hence the likely effect on current USPSTF recommendations, is difficult to predict without updating the simulation modeling using these inputs for both GI bleeding risk and case fatality. As noted by the USPSTF, there is a paucity of data on absolute bleeding risk from community cohorts, 2 and this is the first large-scale study that, to our knowledge, has directly measured the risk of major bleeding by sex and age group in a contemporary community cohort of people without CVD and not receiving antiplatelet therapy. The USPSTF simulation model estimated that the net lifetime quality-adjusted life-years (QALYs) gained from taking aspirin among 10 000 persons with a 10-year CVD risk of at least 10% was 588 for men (using a GI bleeding risk of 1.2 per 1000 person-years) and 621 for women (GI bleeding risk of 0.7 per 1000 person-years) aged 50 to 59 years (grade B recommendation) and 180 for men (GI bleeding risk of 2.1 per 1000 person-years) and 284 for women (GI bleeding risk of 1.3 per 1000 person-years) aged 60 to 69 years (grade C recommendation). Sensitivity analyses conducted by the USPSTF, which doubled base-case GI bleeding risks, suggested that the net lifetime QALYs gained from taking aspirin among 10 000 persons with a 10-year CVD risk of at least 10% was reduced to 426 for men (using a GI bleeding risk of 2.4 per 1000 personyears) and 468 for women (GI bleeding risk of 1.4 per 1000 person-years) aged 50 to 59 years and to −22 (a net loss) for men (GI bleeding risk of 4.2 per 1000 person-years) and 102 for women (GI bleeding risk of 2.6 per 1000 person-years) aged 60 to 69 years. 9, 10 This is because given that the proportional increase in the risk of bleeding with aspirin is consistent across subgroups, 4 the higher the baseline bleeding risk, the higher the absolute bleeding risk associated with aspirin. These sensitivity analyses included GI bleeding risks in the range of those Gastrointestinal case fatality was halved or assumed to be zero in USPSTF sensitivity analyses, whereas in this study, case fatality approximately doubled. Although it is likely that there is still a net benefit (albeit smaller) of aspirin for people aged 50 to 59 years, this is less certain for people aged 60 to 69 years, particularly men. Hence, these findings do not necessarily invalidate the USPSTF recommendations. The USPSTF estimate of the proportional effect of aspirin on GI bleeding risk (odds ratio, 1.59; 95% CI, 1.32-1.91) 2 was based on a meta-analysis of randomized clinical trials, which may also benefit from updating once the results of upcoming randomized clinical trials comparing aspirin with control for primary prevention, such as ARRIVE (clinicaltrials.gov identifier: NCT00501059), are fully reported. If the proportional effect of aspirin on GI bleeding risk is different from that observed in previous trials, this could change the net lifetime QALYs gained from taking aspirin in either direction. Participants were recruited when their CVD risk was assessed using PREDICT software, which facilitates accurate and nearly complete data collection for variables required in New Zealand's CVD risk equation. 15, 26 Encrypted linkage (using the National Health Index, a unique identifier available for >98% of New Zealanders 15 ) to national health data sets enabled almost complete ascertainment of deaths, hospitalizations, and dispensing of government-subsidized medications. For example, more than 98% of cases of acute CVD events in New Zealand are managed by public health services and are hence available through the national hospitalization data set. 15 Bleeding-associated deaths were captured in this study, including deaths in which bleeding was the underlying cause of death and hospitalizations associated with major bleeding events in which the patients died within 28 days of admission. This approach provides a more sensitive definition of fatal bleeding events than solely relying on hospitalization data, which is clinically appropriate given that the purpose of the data from this study are to inform an assessment of the balance of benefits and harms of aspirin. Cardiovascular disease prevention guidelines need to be based on robust baseline absolute rates of both CVD and bleeding events, as these rates are the main determinants of the magnitude of the benefits and harms of aspirin for primary prevention. 4 While this study excluded people with medical conditions or who were taking medications that increased their risk of bleeding, the Antithrombotic Trialists' Collaboration individual participant data meta-analysis of primary prevention trials found that a number of independent risk factors for CVD were also independent risk factors for major bleeding: age, sex, diabetes status, smoking status, blood pressure, and body mass index. 4 The assumption that absolute bleeding risk remains approximately constant irrespective of absolute CVD risk is therefore unlikely to be appropriate. 4 This study presents age-and sex-specific data, which could support the development of population-level guidelines. However, validated risk algorithms are required to take into account multiple risk factors at the same time, as with CVD itself, among people without CVD, to optimize the individualized assessment of the balance of absolute benefits and harms of aspirin for primary prevention of CVD.
Limitations
This study has several limitations. First, unlike other CVD medications, aspirin is available over the counter and without a prescription. However, there is some evidence that aspirin use can be assessed reasonably accurately from dispensing data in New Zealand (probably because it is less costly by prescription than over the counter), 27 and dispensing data were supplemented with data collected during CVD risk assessment. Second, although the cohort is largely representative of New Zealanders eligible for CVD risk assessment, 17 the study was restricted to primary care practices with PREDICT software and assessment. Third, this study relied on coded hospitalization data to identify bleeding events, which were found to miss 37% of people with bleeding in the Oxford Vascular Study. 28 Although it is likely that some major bleed events were missed in this cohort because of reliance on coded data, the primary purpose of the bleeding rate data in this study are to provide a basis of comparison with estimated CVD rates, which are often themselves based on coded data (eg, SCORE
.
Conclusions
In a population not receiving antiplatelet therapy, the annual risk of major bleeding events and nonfatal major bleeding was estimated. These findings could inform population-level guidelines for primary prevention of cardiovascular disease. People were categorised as having chronic kidney disease if they met both of the following criteria -eGFR <30 using creatinine nearest to index PREDICT assessment, AND -one other eGFR <30 using creatinine >3 months (90 days) prior to the creatinine nearest to the index PREDICT assessment 
